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THE EFFECT QF SHOCKS OF LI1QUID DROFS
IR THE SHOCK TUBE

Prepared by
Robert .. Varwis

Approved ny:

J. F. Houlton, Jdr.
Acting Chief, Explosion Effecis Division

ABRSTRACT: The very small dropieta produced Ty the fast-moving
aixr streac= vhen weter dropr are preunt in the shock path are
about half the size n-‘“g-_ea. by G. E. Dartmsnc 1z NAVGRD Report
2944, refersnce {3). A correction factor of one-half can ve
vorked in by considering the effects of a transisnt blast sud-
denly applisé to the dicns eas oppesed to a graduvally increasing
stres= velocity appiisd to ths droje.

T2 e=maller size drvplats prodiuced requirs loss time to e-
vaporats in the hesfied gas tahind the shock front. EHence the
Tredius of total evaporation, as 4iscussed by Fartmanas, 1s in-
crassed bty & Jactor of 1.2h 2nd the shock pressure attenuation
is Wd by a smcl] amcunt. The numerical rexulte of these
axperimunts are applied to the Hsrtamcan lheory of prossure ot-
tenuation associated with an explosion in fog or rain for purposes
of comparison.

Explcsives Researchi Dspaitamsnt
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Thiz repcrt dsseribes the initiel work dones in the Navel

Pt omad

Ordacancs laboralosy
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5 May 1954

a3 an experimental chezk on some of ihe
assuptions mede in MAVORD Report 2Qkh. This work has hean

carried on under Task #2¢-67-1-54 by the Shock Phenomena and
Shock Photography Bection of the Explosion Effects Division.
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THE EFFECT OF SECCKS ON LIQUID IRROPS
IX TLR 3HOCX TUBZE

I TIATRODUCTION

1. In the detomzlion of explosives, there is definite experiwental
evidence that a loss of performsnce occurs vhen the charges are ex-
plodad in rain or fog (1). There is a percentage loss in positive
blast impulse ani also in peak overpressure, sccording tc theory,
vich is practically linearly propertional to the co=ssatiation of
liquid water in the air, provided the raimnérops are cf wiform size
and ¢hoe percentage dacrease in dlact perlormancs is not great.

2. This pesk presssure or shock vme attcmntion haa besn attritwvtsd
*n 'lﬂh\-.n--d memmeasmre Vomma — e A O

CLATEY loesss Tesulling ITOR Loe evaporavicn of the
watar droplete in the fast-moving air siream behind the snoek.
W. G. Perney (2) and G. X. Harteann {3) have worked ocut reletions
leading to snalytical statements regarding the loss of psricraaace
due 4c the presence of fog or rsin,

3. Tos evaporation of the droplet takas nlace in the Zast moving,
heated air streem tahind the shock fromt. The tise t for the drom-

ist 45 tsach 55 par cent of e particie veiocity and the lag L of
the dremlet behind tha air particlas sre cammuted to be,. respsciively

(3)

§. Tha comtribution to the evaporaticn proossd vhan the dromlet ¢

________ = — e S S —

veatiliatsd, i, ...mmmmwmmumw
mmmnrmmwawmﬂmmmmm
with the &voplet. has haar somalieveal and wae Prami maxrllsdtl,

5S¢ After tha dronlet resihas the 210V gpeed the »=odlam is5 Owe of cal-
-ﬂmmmmMnudmbﬂegmwunm,mor

hot air. The tamperatwre dirfereatial, ¢ -9,‘?: c:?l:r:lwrtm

aad the shock te=perature is showa to b 0,86 4 where

tomper=isTe Gi the air imsediztely Behiad the shock, O + T, uﬂutm-
mtmnthdmpmhmathrtbomiﬂotmm d To 18,
the ambisut temperatwe. Usirs the heat transfer oqmtion,g-(v“r,

1l
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where K is the diffusivity, the time for eveporation is calculated.,
Tt nhas been shown £3) that evaporation will be complete within &
time T equal tc the positive duration ¢f & tlest wave if

I* A?

I ¢

T = 1.41

where L* = latent heat of evaporstion = 580 cal/gm
' = gpecific thermal conductivity of air
A = radius <f water droplet

texperature rise sssocleted with the pesk overpressure
rise PB in the shock wave,

“\Q
.}

This equation rcduces to

&, 1t is necessery that the drop be gtavle in the fast-moving air
streax while it ic evaporsting. A drop of water in fast-moving =ir
is subject to aprodynamic Torces due o the meticn of the air, and
also forces due to the surface tension in the drop itself, There

is a critical dxrcp size ebove which the drop is not stable for each
3¢t of forzes to which it iz cublested. TFf a drop 1e euddenly nlaced
in a fast-moving air stream of velociiy u, then the critical redius,
a, will deypend on the produce of /C, the dcigity of the air, and w2
and on the surface tsnsion., The product 2 is proportional to the
aecrcdynamic forces, 1i.e.

=
A -2
a ~Tg (1 u’) T, = surface tension.
Since the surface tension is esgenilielly conetant for the rance of
interest here, the critical radius variss inversely as O ue, Prom
shearvation of falling weter drope, vhen u = 800 cm/aec and d -‘(’-’o ;

7. Calculstiug [0 and u from the Rankine-Hugoniot relations in terms
of Ps’ the peak shock overpressure, s reiation is shown to exist be-

tween k‘s andg & wnich can ne svavea as:

2
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) Py 23. = 8.4 x 1072 within 5 per ceat.

: {P3 is in pei, a 15 in cm.)

8. What this means then is that when a shock hits & redin drop, if
the 4rop is greater than the critical size, it will be reduced to
smaller droplets which are stable in the air stream behind the shock.
For exampie, if a drop of radivs 0.5 cm is struck by a 2 psi shock

Poanond 4 VTV o

freot, it will be shaltered into many droplets ot radius given by

Hartmann {3) used the above expression for the radius of the water
droplets tual wouil be totally evaporated by a shock wave of peak
overpressure Pg;. Further calculations were made to determine the
radlus of complets evenoration, By (£%), as a function of charge

weight, W (1bs TNT) which led “o the expression

1/2.1.12
R, = 5.1 (W) ft.

The total energy in the shock wave at a distance R(Rl vas then
shown to be

o

o RN TS U IR TN

.

om \ ) ”~ —_
FiK) = 4,00 x 10

A2/9 .
w = 69 cR-
327 3

vhere ¢ = concentration of water in gm/md.

9. Thbe purpose of the present stuly wvas Lo measure whi: size of the
dioplets proauced in a shock tube when a step-type shock weve hits

1iguid watey drope introduced dnz the tuhe, In this wey it ie poe-
gible to ascertain the validity of the reliation veiw=en shock over=-
preasure and droplet radius upon which the expression tor the radius

of cuxplete evaporation rests,

11 METHOD

10. It waz decided to attack the nroblem hv fakine thatagranha of tha
drop during the passage of the snock frort. A high-speed, repeating

3
" Twen T
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spark source was used to produce shadowgrephs afier several known
time intervals during which the drop and the shock interacted.
This series of exposures, sll recorded on the same sheet of £ilm,
deoicted the behavior of the drop during the passage of the shock
front end showed the suhseguent dbreak-up of the drop into dropleis
in the fast-moving air stream behind the sbock.

IIT SESCRIPTICY OF THE APPARATUS

11, In conducting this serizs of experiments, water drops were
introdussd 4into the shock tube by zesns of a hypodermic ayringe
inserted througl the top of the ghock tube sc that only about 8 mm
of the nmedle protrwisd imioc the tubs. The zyrince wes cushioumd
irn a heavy rubber stopper wihichk wes mounted flushk with the interior
surface of the shock tuve. Thus only ths nesdls tip wvas in a po-
sition to disturdb the shock front.

12. The sizs of the water drops introdiwced into the shcek tube
wvas contrelled by the size of the hypodsrmic ncedle. For s number
20 nssdle, sTourd off sguarely et the end; ths drop sizes s

0.25 + 0.05 em.

13. To get multiple shadowgraphs of The break-up of the ligquid
drcp 1t wvas necessary to buiid s multiiple fiash unit iu wvhich s
series of flashss coowred, =11 emanating from the ssme point.
8ince the light source wvas to be & spark ia alr, it was necessary
t0 build a wnit in vhich several condensers couid ve dischargsd
through the same gap successively. The problem, tharsfore, was re-
duced to that of developing & switching arvengement which could
cwitch ench condenser in turn aoTo8s tha singie gap, This vas
accomplished by using the circuit recommendsd by Benjamin Crapc,
Hyperballistics Divieion of the Naval Ordaance Laborstory (NOL),
and is shown in Figs. 1 and 2. RZydrcogen tlgyratron tubes; type 5022,
wvere employed for the switches, each triggured by a pulse from the
pulse generator unit. Operation wvas simple. The irnitiating pulse
from ths shock velocity mesasuring “svice associated with the shock
tube was applied to the grid of the first 2021 thyratron tukbe,

The tube conducts ths cathode risinge. The voltuss pulse from the
cathods iz sounled to tha contrcl grid of the OAS: it conducts and
its cxtnode risea., This vcoltage pulse in tvrn inftiates the fir-
ing of the 5C22 thyratron; which essentially slorts ths capaciter
C in the plate circuit. Current swwging throuzh the inductance L
causes a large voitege acroes the Uer:ipais of L and, thorsfors,
across the gap. The gep breaks down dischargirg the capagiior
through it, producing an actinic spatk.

1k. The cathode of the first 2D21 is comnected to tkhe control
grid of the second 2D21 throush delay uails that wers variable
from one tc thirty msec. Hence, the second 2IR1 would conduct
after B nre-determined time interval and the same train of event:

[ T S U

would occur as before, CHUIMINATILE 20 ikl UABGUBLRT we vees 522322
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condenser ¢ across the gep. In thils way it wes possidle to get
four separate flashes from thc spark gap at pre-~determincd inter-
vals. Of course this method could be carried further to produce
any desired mumber of epark flashes but four were suffisient 4in
this instance.

15. Tbe grids on the 5C22 thyratrons were required to have very
lcw input impedancee to prevent spuricus discharges. Therefore,
1t wes necessaxry to use a second stage of amplifica“ion in the
form of the OA5 trigger tubes to initiate conduction in the 5C22
thyratrons.

16. Origimally, time intervals of 30 vsec were thought to be
approyriate for vhotographing the drop disintegration as it wes
expected that the chock fromt produced the shattering of the drop.

For this delay, ordinary 1C delay lines were used with considerable
success. The shadowgrapha obtained (Pig. 3). hovever, indicated

that this tise lnterval was too short for apything to hzve hevrened to
th2 liquid drop. Froe Ligh speed motior pictures taken with an
Eastman High Speed (3000 fps) camers. it was determined that seversl
milliseccnds were required between exposuiss, and a time intervsl cf
up to 30 meec was introduced by ciaploying the dual Time delay wunit
veceniiy developed at the NOL ror other purposes (i).

17. The chadov photographic system wvas se

an dnddaatbald 2w Tl i
o™ § . -~ oo daliAdde iR VS VA A

e W v Wiy = i dphe Vo
The lens 1 had o focsl length of 345 mm and a relative aperture of
fjl.5. Faraliel iignt tarough tie shock tube in the region umder
investigation produced a skedowgrerh of magnification = 1. Multiple
axpnosures wsi2 obtained on the same fixed shect of f£ilm,

18, The shadowgrsph system s sventually discarded; the arrsunge-
ment, shovm in ¥F.g. 5 was employed. The camers used was a 4x5 graphic
view camara, The edvantag: of this gystem, using reflestad 2ight

-y e

»
vas the greatly improved dafinition of the droplets after break-up.
However, the shock was no icager visible In thase plctures because
the opticsl systsm was novw not sensitive to very small density
changes.

lge m é_mp'_l_g't_g i!\_ '{'}hg 'tyf’i t.ypgg Qf ph’"\f.mmv\ha wsmeres wmanssaad 4

WA W VA VA LA
[+

twvo ways. The dropliets in the znadowgraphs were measured using
5 X Bkl magnifying ey= piece which contained a milliimeter scsie
graduetes in tenths for comparison. The contrast was low and the

d2fizdtion of the drcoplets wiae poor a¢ that use of & micrssceope with

n greell field snd high megnifying power was prohibited. Even with

the 5 power magrifier, the fuzzinass of the dropleis cevsed an un-
certainty in the diameter measurements of each droplet of spproximate~
ly 10 per cent. The drcplats in the picturwes photographed by reflected
light were much more clearly defined and it was thus posaible to make
neasurements on thess droplets using a travelirg microscopc. The

VToncd cmtimd ma dhn hemmat af dha cwd acamacemn voma 4 AT . oA e cemmmnd me
- v e = —— — —————— - — ——— - — - g - e W w W e—— —— - —— . - ——-—-
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made possible measurenents &8s fine as 0.001 mm. The dafiniiion
of the droplets, however, was not gooG enough for this last
figure and the uncertainty iv ¢he meusurements of these reccrds
wag of the order of 5 per cent.

IV RESULTS

20. The resulis of thiz study indicate the relationship dbetween

the droplet size and the shock sirengih, a2nd also yleld gqualite-
tive information regarding the naturs of the break-up of the ligquid
Avrrma.

21. The phenomenon of the shock-drop interaction is the same in
naturc as the sudden introduction of e drop into a fazt-mevirng air
streanr. Studies of this type have been made before (5) wnd the
spparent. bshavior of the drop in the shock tube 1s almost idsniical.
Yhen the drop 45 injacted intc the fast-moving air stream, ths
original apherical drop 1s distorted 1i-to a ssucer-sheped Aisk, The
edges are dravn out into streams and then they brear wway ialo diop-~
iets, (8ee Pige. 6, 7, 8, end 9.} At shock overpressures i the
neighhorhood of 2 pei. the deforsetion of the drop begias ai'tsr about
0.8 milligeconds. Bowewver, drcoplets do nct bsgin to ajpesr eariisr
than sbout 3 milliissconds. PMrom theoretical considerations regard-
ing the pressure over the suriace of the drop, Taylor has concluded
that the &mcp, if it 214 not disintegraic, wouid be flattened intg a
Pians-ocovex lentiasniar body of dilsuwedsy twise that of the original
spherical drop {6). In tbe plotogrephs teken early ercugh to catch
the diskespape of the Arops, ihis T=iic 220222 to ha confirmed by
this study (eee Fig. 10).

22. The size of & stabls 4xrcy in a faat:

by the r lation in the iatroduction of this report; i.e.,

! 20 Voo 2
a = 0,33 LN o=,
(\f” /'(5‘ ]

thisz caae tha Arop 18 in an air stream the velocity of vhich is
gradually increased up to the critical vaiue of u viers the drop is
st ussd dn *ha

3??15‘{: gtable, In s transient blast of the sort ussd in the present
stuly, the relation zhould be alicred as follows:
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FiG. 6 Pg= 2.65 PS!

FIG. 7 Pg=2.63 PSI
BREAKUP OF DROP (DIREGT PHOTOGRAPHY !
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NOTE LENTICULAR SHAPE OF ORIGINAL SPHERIGAL DROP IN SEGOND FLASH

AND STREAMING OUT IN THIRD FLASH. DROPLETS MAVE NOT FORMED

.90 PSI

FIG.10 R,
BREAKUP OF DROF ( SHADOWGRAPH )

~ e
avensson o aaiy e VT LR e ekt Y :
X~ AR B M T R R R G iy, ST v

BT
AF
|
i}



$1.371d0dG 40 NOILNGI¥LSId 3ZIS 11 914
(ND} $13740¥Q 40 SNIavH

T e £ L TV LRI ST St v S

%00 0gC'0 02C0 0lI00 8%00°0
T = Y u““qq_:-q-.::
R m | : P “eeo.r_._.:“___:“?
+ 1+ 0 | A i
i { | 1 ' I T
l:T * — _ “ [} ___““.
| | ! Lo M
| ! | i I o lit
_ [} 1 ] “.__*_
“ ! ! Lo e
| 9 by
i ] | | 1 I
L | | m o
[ by
“ + | | b
+ " “ “
I + I
)
+ |
|
)

16
SECRET

ISd $10 3091 --34¥NSS3ud -
ISd OI0 $09°2 — 3YNSSZ.id

+-____-__________-_.___.-___._._===____4_w...

o

SHIGVY 40 3ONIYMNOOC 30 AONIND3INA

o¢

.+.-_-..__..-.._-.._-____...____.__._ T i e e e e et

PENBPRI NG I S BTN P AP YA AT 306 S SR

b RTINS AN )




R TR B 5 . it Sk 3 i e b g S B T Lt e 4 e e

T R W

T P L

T TR

|

PR — -

e T oo e Py 0o o o 8

e

e

SETRET
HAVORD Repor: 3632

1s sesa £0 b3 geod agresmunt for ths date 1in the rangs 2.60 + 0.10 psi.
in the Tange 1.63 + 0.15 rpa ,,__, there is a discregancy of 30 per «no.
The only explamntion for ihis dincrepezcy at the prozent time ia
mm’ainom. Thes msasuremants ca the radii forthismor dsum

vaich the mpm- were asi ﬂ;:ﬁmq &Bfir-“é It was for this
reaadcn thet the rhotogrupbic teciniigque vas changed &2 explaired in
section III.

V CONCLUBIONS

£7. The Groplats prodwced by the fast-moving air stresrm behind the ehook
are about half the size predicted on the “0zis of the revort vy 5. =. HDaxt-
msan {3). A corrsciiom factor of 2 can be worked in by ccusidering the
effects 32 & trangient &ir blast suwddenly applied as opposed 10 a stsady
stinum greduclil) appiied.

28, Az steted Y Eavtmawn (1) if the é..- e shatter into fragasnte fiper
than those predizted on the basis of ths drag forces, tham th> ewmdors-
tion time for a 4&rcpiet will be reduced by the sguarv Of s factor by
vhich the érop is reduced. I= Table Il are tabulated veiver Ior the
svaporation tiwe T¥iz milliseconds for varicus 4rop sizes at incressing
presswes. The dotted linay sepexates the drop: vhich bresk up in the
fo2s giyr otrese from those which are swil enough to be RUaSla in the
fast air stream eisccliated with cach cf the specified shoekr crerprrosmres,

29- In Tables III and IV, veiwes for R,, the rpfjus of coapisve svapora-

y; eBd the cube rooi ol ths charge Wiight. /2, are tabulated rcr rain
and fog actively, Raln 12 &Gafinsd a.rcitrm_y +n be ‘_w_lter dvop: Isygor
in rediug tham 10-3 om. 5og parvicins are Gafized to ve~ IO Vem in
rodieg, The valws for Ry and ¥/J wre detcrmimed ag3 follows: Toe walss

o Tand P, were taksn frow Taiis II. Fraa the Kirlwcod-Rrisklgy cwve 13\
of puk mr-‘-sﬁm- verras m a.otuoo A ‘mb-.em of % wry sssured
mr‘“ﬂu“ 83, T /% '~, a3 a fumctiom of A
vnne- ot ’r' 3 vore chtaiwed. 3 was gzleuiated from mm&.
of m'r‘-; the m‘m ti&, “ T" -« “h redaced. wv’gi':; yr-v""o

Timaliy, Ky ° AW/S vaa comgrrted. m-aaz..m 12 of W versns By
™53 plotted IICR TASSS Tallev. mmmumm*umw;.wvy

nu.-r)

!1 = 5.2 (gﬂ-l.i)

as cppoesd t5 the provios: valws (2) of
ul o 5'1 (91/3) FYP S

e valves of To§ and rela agres out to the distance vhere evaporation
osewra ithowt byeak-wp,

3N, Tha somwasios for tla cesrsdy avaiisbls at a dgtence R < K. wvis:

17
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TsBLE 1I

Values for T in milliseconds

i ey et c g e o
S T O LR e e e e

Py =1 10> 108 103 e
; 4
229 56.6x108 1.1 x208 1k x105 2k x20* 2
1 l.lh‘ b4 10"7 1.3 » 107 2.3 = 2.!.‘-.5 kP "}3 23
F Y -‘.5 - : ‘ J*I a Lt 39
i 3 .6 x10% &6 xi0* ko x 1% 1.1 z 103 11
5 3.8 x 103 3.8 x 303 3.B8 x ;::-2 €60 6.6
1 0.635x 103  0.635x 10° 0.635x 103 0.635%1iC° 2T
9 190 380 380 380 3.2
§ ic 12,4 2.k 12.% - 2.2
ac 2.75 2.75 2.75 2.75 1.65
i 0 0.32 0,32 0.32 0.32 c.32
1t
g
1§
: H]
1
i ¥
F
i
31 {E
E
11
{1 %
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I : TABLE IIZ

§

Radius of Total Braporaiion, Rl, and other

Quantities for Rain
: . R A T A o - aul/3
K y (pei) msec free air ’-’;"a‘l-/ 3 '-“L-/ 3 Ry A!_"l
i (£t)
= 1 £8,75x107  38.0 3.8  15.5x0°  587x105
f ¥ Ao § poLog ] )0 L] 24 i
; . 3 23,25 17.3  2.66 8,7ho 151x103
P i B 1,740 2.5 2.30 757 9,070
H
& 7 17 10.2 2,06 15k 1,570
; i pYo) 0.5 8.4 1.78 28.4 238
. 15 6.2 6.9 1.55 .00 27.5
N :

I3 20 1.37 5.0 1.36 100 8.0
| 30 0.15T 5.0  1.15 0.137 0.683
- 4
E

i
||
go it
-

ﬁ i
ot §
it
I i
iy
3 ] ]
Bodi |
o
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§ TABLE IV

Radiue of Total Evaporation, R;, and other
Onantities for Fog

. , . 1/ R AW
Pg(pei) { (msec) A(Free /W 3 iil’/3 Rl .}\wl
Air) (£t)
0.29 WAk x 307~ 200 ~T.5 1,520 152,000
1.0 3.3 = 103 36 3.8 &7 23,000
3 1.1 x 103 17.3 2.66 L1k 7,150
5 6650 12,5 2.3 287 3,590
7 €35 10.2 2.06 308 3,142
9 360 8.9 1.88 202 1,798
i5 iz2.% 6.9 .55 8 55.2
20 2.75 6.0 1.36 2.02 12,12
30 0.32 5.0 1.15 0.278 1.39
20
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- 7,
/9 )
7{R) = 4.06 x 107 -“L — - 69 <R3
3273

is unchanged. Similerly unchasged is the relation of attenuated
pressure viz:

P iz ths pressure obtainad at a given distence B vhén charge W is
dstonated in cizar air; P is ths prossure obiained et the sams
distance vhen W ig fired 'ia fog or rodn of concentration C; 2 is
& factor lesc than unitiy such that Z W fired in clesr air produces
pressure P, at the same value of R.

A 11!'3 Y9/
Z=31 - 2.70 2 10 -—1-1-7— '
L =

Pressure stienustion ¢ lazoreassd, however, since R<CR; can be
lerger due to the increase in Ry.

51. Tke increase in the pressure gtitonusticon is showm in Teblaw

Y  UTr -mAA UTT mman . w04 wu -0-‘},,. -—nm- nf’ u Poran bhase tahlas weidh
" va., A Yale N py Gt b - T PN W A e ™ e
those in Tables VI, VII, and VIII of reference {3), it is seen that
the values of Pp for grester distances than in reference (3) ers
poa s an'l-la

§

- ¥ @ded . ©

32. Thmre 418 one more paint $0 be considered regarding ihs ioersy
srnilable for eveporation of the &rcpists. The Arcplets vhich rve-
mited vhen the drop vas broken up ip the f=3i air ltronbohindtm
shock actually &id mnot bgsin to _sppesr sarlisr then about 3 mildldasconds
aiter the shock froul Led passed. ror amall ChaTgse tuls 15 && agpivci-
&ble part of the pogitive phass, Hanes, the Svroplsts,; aftsr they rre

¥z ..n._-ﬂd, do mot have the entire pcsitive pirese 1n Leh t2 evepurats,
This would have the sff22% that lsss enoogy would be used in swapeorat-
ing the drorlets, consequently the zttemtation wo:ld be lasa than
predicted hers. Since no exact dats ars svaileble from this study
regarding the time for the droplets to Zorm aftar (ha shock passee,

no analytical statement can be made sbout the attenustion produced.

Iz all probability separste measurcments of ti=2 tims for break-up

of liquid dropa foer each of u serxies of pressures Wvoulcé bLave L0 bs

made in ordsy to state generally vhat Fracticn of the positive vhase

is svailable for evaporsting the droplets efter thay have been crodu:ad,
and this might be coosidered az & furthsr ziudy UC be made as & cback
on the theorztical vork cf refersnee (3).

22
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TABLE V

i
Calculation of P, for 1 1b of Feutolite
] 1 1b Pentolite 1.2 1b TNT
$ -w = 1,2 wn/g . 1.25
: z =[1-2.36 x 107 p12/3} 5/12
! P R r11/3 7 P, (zw)1/3 Ry (Rain
; or Pog;
[~ c - 5
i ¢
3 10 8.9 3,000 Imaginary e
: 20 6.4 200 G.465 12.3 U.o24  5.01 P. not valid
: 25 55 532 0.652 19.8 0,940  5.81 P valia
i 30 5.35 k70 C.73 2b6  0.356 5.92 p_ valie
. 33 5.l 395 0.775 28.0  0.9TT 6.02 P, vaiid
i |
i 1 . C=1C
i i 33 5.1 395 Ce535 21.6 0.849 5.19 Valid
Poq 37 4.9 340 0.60k 26.5  0.898 5.5 Velia
1 Lo 5.7 295 0.66 30.8  0.925 valid
3
3
i C =20
&
i 40 L7 295 265 17.3 0.683 4.07 Roi Valid
% €n .3 215 5 32.5 C.858 L.Th Vaiid
1 c =k
it
i € 4,0 162 0.175 0.59% 23.ko ¥ot Valid
1 70 3.77 130 0.267 37.2 0.76 4.s8 Valid
i
3 -
i
t ]
i
3 i
3 23
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TABLE Y1

Far * ~an 2P

Dy 2or 20 KT Atomic Bomb

Using equivalence of 0.5 V ® 20 x 10° 1bs 19T

o.o Mg Bok x 108

z = {2 -2.02 x 2033 g

P R Py rr (@ n 3
g~
8 2560  3.12%10%2 o kiS5 207 2315 Py not veldd
10 2280 2.06m1012 0,681 7.5 23 P, Vaiid
12 2100 1.%4x1012 0.738 9.g Py Valid
2 LY - YN Ale _amidn Oad ana n es._aaas
<) A VoeSUJIRAV ™ woll3UW  4A5ew Fp VikidiG
25 1650  0.63x18%2 ;.895 18.6 Pr Valid
C=5
18 1725 7.3mEI 0.328 8.9 18T iShe Py Yalia
20 1657 6.3 ° 0.8 11.9 A Yalid
0 130 3.06 * 0.739 2b.8 P Val14
ko 1210 2,02 " 0.835 35.8 Bp ¥alid
c=0.2
3 BIO0  2.9x10~ Immwrtner
5 2P 0.8 " o0.E bo oz &% Fot Yaltd
8 2580 0,3 " 0.2 T.5 == /280 vauia
10 2280 0206 % 0.932 9.5 267 2000/ walid
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TABLE VII

Calculation of Fr for 1 Megaton Atomic Boxz

1 Megaton - using 0.5 equivalence

. owtl/9 - 1™

" . {1 - 1.70 x 10715 oR

vy

» 2000 x 10% o 309 jug

2

11721 o/11

J. -y

. . RLi/3 > T, (zw)1/3 R, (Rain,
Fog)
C=1

g 6.5 10500 5.5hx;}‘oll‘ 0.104 1.56 470 L4900 7960 Not Valiad
2 7 10100 4,8 0.252 2.9 632  7h30 10670 Vaiia for £

8 k0o 3.T " O.hllb 4.8 763 8740 25600 Valid for fog

9 §8‘4053 3w .55 6.22 Valid
! 10 84O 2,85 n 0. Ol 757 863 Vaiid
i! 12 T700 1.8 0.7h2 o.9b Valid
§ 15 6200 1.2 v 0,83 13.3 valid
i ¢ 5
i .
! 15.5 6800  1.22x10%%~0.07 2.9 410 550 6950 Valid for fog
i 16 €700 1.08 °  0.13 b 506 5800 1090G Valia for fog
: 17 6500 0.95 n  0.26 7.2 638 7500 17500 Vaiid
] 18 &3 0.8B8 » 0.3 8.8 85 Valiid
i 20 6000  Q,TL " C.iT i2.2 78C Velid
: © 4 0.25 " O.8k  35.b valia
4
N 3.5 15400 22 x 10 0.325 172 687 8300 20500 Valid for fog
3 b 200 1 " 0.bYS 2,57 790 10238 Vzlia for fog
i 5 12250 G,T » 0722 L, 0b 897 11793 valid for fog
; | i/ 10100 LS » 0.86L 6.4 953 Valid
il
£
i
i
i1
i!
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‘, : VECRET
- —_— N— S

i :



St T i BT

PR i e e ]

I A ) ot mmmm o AT e sk cckaeRiaithbinitl v it s hilmd i chidaa
L]

?’2’

)

P

) A B 158 Pt 3 S B N 6 e O

1.

2.

SFUREY
NAVORD Report 3632

W. G, Penney, Use of Gadget in Rsin or Fog, Feo 6, iSW:, Secret.

. G. Penney, loes cf Performsuce of H.E. Fombg and Atomilc
chbs wvhen Exploded in Fog or Rain, ARE Report nc., 1/4GC, Sep
1948, Becret.

G. K. Hayrtmann, Tie Erfect of Hain or Fog on Al Tiast, RAVORT
Report 20k, Aug L, 1953, Secrwt.

Pe Z. ¥alaveki, A High Speced Recording glb‘«-.m sga" the Velocity
re

Marhad ¢~ Nebaz=lng Tha reak Pregunr cduced in Air ‘_nr Explogions,

SIWARD Baport 2167, Feb 38, 1652, Unclassified.

n strnumﬂ Gf M“: .._nﬂ_.!“""“"m- a=d

gt Ut o

mumewmg Chemistry, Vol. B3, Jwne 1951, pp 1312-1317.

121 - -
o _ 1.
-

b

Fl, n gr*rﬁﬁ’ lll l_' QDR

—————— §

8ir Ceotfrey Taylor, Min. of Bupply Papar AC 10047/phys. ¢ £2{1549).
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